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ABSTRACT   
We developed a tri-modal system combining photoacoustic (PA) tomography, thermoacoustic (TA) tomography, and 
ultrasound (US) imaging. Acquired images of an excised dog prostate were compared to histology results. All three 
modalities can image distinct features. Features like the urethra were shown in both TA and US images, but TA gave a 
higher contrast-to-noise ratio. Fibrous tissue was more clearly imaged by TA, while the duct structure was better shown 
in PA images. These experimental results demonstrate the potential advantages of our tri-modal imaging system. 
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1. INTRODUCTION  
Prostate cancer is the most commonly diagnosed solid malignancy in men in the United States [1]. However, most 
tumors are small and many of these may not require aggressive treatment [2]. Current prostate cancer treatment options 
(surgical prostatectomy, radiation treatment, etc.) carry significant risk for urinary incontinence and sexual dysfunction. 
If urologists have the opportunity to treat only the tumors, this would be of great potential benefit to patients. 
Unfortunately, the ability to accurately localize all tumors in the prostate is poor and this limits the success of these 
treatments. 
Current methods of prostate cancer imaging include transrectal ultrasound (TRUS), magnetic resonance imaging (MRI), 
computed tomography (CT), and near-infrared (NIR) diffuse optical tomography (DOT).  However, these methods have 
limited ability to resolve malignant tissue and provide detailed information independently. For example, traditional 
TRUS lacks the necessary contrast and accuracy to identify most early stage tumors [3-5]. DOT provides good contrast 
of the blood-rich tumors but the resolution is not optimal because of the strong photon diffusion in biological tissues [6]. 
Using combinations of the methods may yield more accurate diagnoses and overcome the limited sensitivity and 
specificity [3]. 
Photoacoustic tomography (PAT) is a novel hybrid imaging technique that is noninvasive and has good contrast and 
good spatial resolution. The photoacoustic effects are based on the generation of pressure waves on absorption of 
electromagnetic energy [7]. The pressure generated is directly proportional to the local energy density absorbed in the 
tissue. Absorbed energy is converted into heat, which is further converted to a pressure rise via thermoelastic expansion. 
The initial pressure rise then propagates as ultrasonic waves, which are detected by ultrasound (US) sensors, and the 
received ultrasonic signals are used to form an image. In PAT, biological tissues are usually irradiated by a pulsed laser. 
When the excitation laser is replaced by microwave or radio-frequency (RF) sources, the technique is called 
thermoacoustic tomography (TAT) [8-10]. TAT/PAT combines high ultrasonic resolution and high contrast due to light 
or radio-frequency absorption [11, 12]. They can reveal dielectric or optical properties of tissues that are closely related 
to the physiological and pathological status of the tissues [11]. This technique has been widely used in biomedical 
applications such as breast cancer imaging, brain structural and functional imaging, blood-oxygenation and hemoglobin 
monitoring, tumor angiogenesis.  
PAT/TAT has the potential to detect subtle changes in tissue characteristics altered by the presence of tumors and to 
accurately image the tumors with high resolution. Although both rely on acoustic detection, TAT and PAT have different 
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contrast mechanisms. TAT measures dominantly water/sodium contrast while PAT measures blood volume and blood 
oxygenation contrast. Combining these modalities, as well as traditional US imaging techniques will provide 
complementary information regarding both the acoustic and optical properties of tumors; therefore improving the 
diagnosis and staging of prostate cancer by accurately localizing tumors within the prostate. Moreover, the integrated 
system is more efficient than the individual systems because three images can be acquired in the same setup without 
moving and realigning the sample [7]. 
We developed a multi-modality system by integrating PAT and TAT with a modified clinical ultrasound system. In this 
paper, the potential of this tri-modality imaging system was evaluated by imaging surgically excised healthy dog 
prostates. Although the prostate was from a healthy dog, the resulting PAT, TAT or US images identified some different 
areas of the prostate, conveying different tissue characteristics that were compared with histology results. 
2. METHOD 
TAT and PAT are compatible with ultrasonography because they can share the same ultrasound detection system. The 
multi-modality imaging system we developed, shown in Fig. 1, consists of a clinical ultrasound system, a laser source, a 
custom made microwave source, and the data acquisition system.  
 
 
Figure 1. The main components of the system are the ultrasound system, the microwave system, the laser system, and the data 
acquisition system. 
 
2.1 Ultrasound system 
The modified clinical ultrasound imaging system (iU22, Philips Healthcare) can work independently and has been 
described in [13] and [14] previously. However, in the integrated system, the data acquisition system controls the 
triggering and the US data are transferred to the data acquisition system for display and post-processing. A US phased 
array transducer (S5-1, Philips Healthcare) with 80 elements and a nominal bandwidth of 1-5 MHz was used to detect 
US, PA and TA signals. The transducer can be positioned arbitrarily depending on which cross-section to image. 
2.2 Microwave source 
The microwave circuit generates 3 GHz microwave pulses with different pulse widths and repetition rates and radiates 
them out through a horn antenna operating at its transverse electric (TE) mode TE10. The horn antenna has a small hole 
on the narrow side wall that allows for a laser coming into it. Since in TE10 mode the electrical field is parallel to the 
narrow side wall and approaches zero on the wall, the effect of the hole on the electromagnetic filed is minimized. In our 
experiments, the microwave operated at a repetition rate of 10 Hz with a pulse width of 0.3 μs. 
2.3 Laser source 
A tunable dye laser (PrecisionScan-P, Sirah), pumped by a Q-switched Nd:YAG laser (PRO-350-10, Newport), 
produces 6.5-ns laser pulses at a repetition rate of 10 Hz. The laser beam is guided into the horn antenna through a free 
space optical assembly. The light is expanded by a concave lens, homogenized by a ground glass and directed onto the 
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